M embers of the public contribute to scientific research in many fields across the globe. This undertaking of "science by the people" (Silvertown 2009 ) is often referred to as citizen science, and as a practice, it has seen remarkable growth in the last decade (Kullenberg and Kasperowski 2016) . The number of publications incorporating data from citizen science has risen steeply as a result of increasing numbers of citizen-science projects and greater acceptance of public contributions by the scientific community (Cohn 2008 , Silvertown 2009 , Riesch and Potter 2014 . This follows a period in which the public was seen to be disconnected from science because of the institutionalization and professionalization of the field (Irwin 1995, Gregory and Miller 1998) . The benefits of these reconnections between science and society include education of the public (Trumbull et al. 2000 , Kountoupes and Oberhauser 2008 , Bonney et al. 2015 , social learning (FernandezGimenez et al. 2008) , data gathering for scientific and management outcomes (Dickinson et al. 2012 , Azzurro et al. 2013 , Robinson et al. 2015 , the ability of society to address environmental threats (Irwin 1995) , and greater facility of broadening the temporal and spatial scales of research (Kolok et al. 2011 , Tulloch et al. 2013 , Branchini et al. 2015 . This increased capacity for the generation of knowledge is both timely and necessary given the great challenges we face now and into the future.
Citizen-science projects are typically (but not always) conceptualized, planned, and designed by scientists first (to answer a specific scientific question), and volunteers are recruited after the project has been developed (Bonney et al. 2009 , Roy et al. 2012 ). Because there is no citizen science without the public, it is a significant oversight that there has been very little-if any-research on the public opinion of citizen science. We suggest that more attention to audience research in the "deliberate design" ) of citizen-science projects is needed. Such a focus is required to more effectively engage the public and maximize the expenditure of time and resources on projects. At this point, there is a dearth of information on the potential for the uptake of citizen science in the broader community. We don't know how the public might want to engage in citizen science or what types of projects may be of interest to them. We cannot say how much or with whom they are willing to volunteer.
The growth of citizen science in Australia is mirrored in other parts of the globe, and the formation of the Australian Citizen Science Association in 2014 cemented the uptake of the practice for years to come. One scientific field attracting much interest from the citizen-science community is marine science. Many marine citizen-science projects operate at local, regional, and national levels around the country (Sbrocchi 2014) , and the number is growing at a fast pace . Marine citizen science may also play an important role in fulfilling the aspirations of the national science engagement strategy, Inspiring Australia (DIISR 2010) , to increase public engagement through marine science. This strategy appreciates the strong connection Australians have with the marine environment and the opportunities this presents for improving the relationship between science and society. For these reasons, we have chosen marine citizen science as the focus for our study.
Research on volunteer perspectives of citizen science tends to focus on those already participating in projects. This informative work helps to explain the motivations and outcomes for citizen scientists (Nov et al. 2011 , Rotman et al. 2012 , Raddick et al. 2013 ; however, few (if any) have studied the wider target audience to determine the potential for increasing engagement in projects.
The aims of the study Our study aimed to understand public perceptions and interest in marine citizen science in a broad sense to determine whether there is potential to increase the number of volunteers in marine citizen science. To gather data at a national level, we used an online survey to question marine users across Australia about assisting with marine research. The results provide a description of the type of people most likely to volunteer for marine citizen-science projects. This fundamental research is necessary for the design and promotion of marine citizen-science projects but is noticeably missing in the literature. By understanding the types of people willing to volunteer, project managers can create engagement programs that better fit the interests and skills of volunteers. It also informs more effective communication campaigns designed to attract volunteers. In the bigger picture, this study provides valuable data for an evidencebased approach to strategic science engagement of the public through marine citizen science.
Methods
This research forms part of a larger project that is investigating public participation in marine science in Australia. An online survey was developed (the method for which is explained below) from our previous work in which 110 formative interviews were conducted with marine users in four regions of Australia (Martin et al. 2016) . The interviews were conducted face to face with members of the public who were observed engaging in marine activities (e.g., fishing, boating, kayaking, and swimming) or through the "snowball" technique (Bryman 2012) to identify marine users who were difficult to access (such as SCUBA divers). The objectives of the interviews were to elicit public beliefs about participation in marine research and to test questions for the national survey. The national survey aimed to (a) examine public interest in volunteering for marine research (reported here), (b) identify significant drivers and barriers to public participation, and (c) understand the potential for marine citizen science to increase Australians' engagement in science (the latter two aims will be reported elsewhere).
Survey questions. The development and wording of survey questions relevant to this article and the corresponding data set can be found in the supplemental material. The survey items were constructed to answer the following four questions: (1) What are the background characteristics of people willing to volunteer and those who are not? (2) How much interest is there to participate in marine research? (3) What type of assistance is the public willing to give? (4) Are volunteers more willing to provide data for certain organizations more than for others?
The survey ran for a total of 8 weeks from February to April 2015. It took approximately 30 minutes for people to complete and attracted 1375 people to commence the questions. The completion rate was 83.3%, resulting in a total of 1145 surveys for the analysis. For details on how the survey was promoted, please see the supplemental material.
Statistical analysis. Our investigation required descriptive analysis, tests for differences in key groups, and relationships between variables. Following data screening and cleaning, any negatively worded variables were recoded (Field 2013) . For comparative purposes, the respondents were categorized into their most preferred activities, which resulted in three key groups: SCUBA diving, fishing, and "other" (to represent all other activities). This allowed for the testing of differences between key user-group types, as well as correlations between user types and other factors for the majority of the research questions. All the scale items were found to be nonnormal using both the Shapiro-Wilk and KolmogorovSmirnov tests for normality. For this reason, nonparametric tests were employed as per Pallant (2013) . SPSS 22 and Microsoft Excel were used to undertake the analyses.
Results
The online survey attracted respondents from all over the country and from a wide range of interests in different marine activities. Responses came from every state and mainland territory of Australia (figure 1). Respondent demographics and a comparison of the respondents with the general population are supplied in the supplemental material. Overall, the group of respondents was almost evenly split between males and females and had a wide spread in age groups (from 15 years to 84 years). The respondents had a wide variety of interests in marine activities, and their education level was higher than average for the Australian population. Education in science was also higher than the Australian average (50.1% of the respondents had tertiary-, or higher-, level science education), but only 27.6% of the respondents said they were currently working in the science industry. The three key groups for comparison comprised 318 divers; 271 fishers (primarily recreational); and 556 "others, " who selected all other categories of activities.
The importance of marine environment to the respondents The marine environment was very important in the lives of our respondents. When asked whether "the marine environment contributes to my 'quality of life' and wellbeing, " the fishers (M = 6.77, SD = .67), divers (M = 6.88, SD = .36), and others (M = 6.71, SD = .63) all responded highly on the 7-point scale (1, strongly disagree; 7, strongly agree). Likewise, when asked whether they "would be personally affected if the health of the marine environment declined, " the mean scores were also high: fishers (M = 6.65, SD = .83), divers (M = 6.84, SD = .48), and others (M = 6.68, SD = .72). Although a Kruskal-Wallis test revealed a statistically significant difference between the group means, the very high scores mean these differences are not particularly instructive.
Interest in assisting marine research
We asked the respondents to indicate how interested they were in assisting marine research. This was presented as a 7-point scale (-3, not at all interested; +3, very interested) . Although most responses were in the positive, divers were the keenest, as was shown by 64.2% selecting +3, very interested (figure 2). Very few negative responses were recorded (5.1% of fishers, 2.5% of divers, and 6.2% of "others"). A KruskalWallis test revealed a statistically significant difference in the interest levels between activity groups (fishers M = 5.66, divers M = 6.42, "others" M = 5.80), χ 2 (2, N = 1145) = 78.46, p < .001). A Tukey HSD post hoc analysis was conducted to test for all possible pairwise contrasts. Divers were found to be significantly different (p < 0.05) from both fishers and "others. " There was no statistically significant difference between fishers and "others. " This indicates that divers are more interested in assisting marine research than any other types of marine users. The high level of interest among the divers was also reflected in the considerable number of hours they were willing to volunteer per annum (see the supplemental material for the results). Although the number of volunteer hours across all groups represented a potentially significant contribution to research (over half of the respondents indicated at least 7 days a year), the divers were prepared to offer the largest number of hours per annum (over half of the divers said they would volunteer at least once a month).
We also explored the relationship between interest in participating in marine research and tertiary (higher) education, science education, and age using a Spearman rank order correlation coefficient. There was a small positive correlation between interest level and tertiary education (rho = .096, N = 1053, p = .002). The correlation between interest and education in science was stronger but still in the low range (rho = .25, N = 1125, p < .001). Using the age-group categories defined by the 2011 Australian census (see the supplemental material for response rates), we tested for differences in interest levels between age groups. A negative correlation was obtained between interest and age group (rho = -.19, N = 1126, p < .001), with higher interest being associated with younger age groups. A one-way analysis of variance was conducted to explore the impact of age group on interest, indicating a difference in the interest scores for the age-group categories (F(7, 1118) = 6.8, p < .001). However, the actual difference between group mean scores was quite small (effect size calculated using eta squared was = .04).
Post hoc comparisons using a Tukey HSD test indicated three of the younger age groups all differed significantly from two of the older age groups. The mean interest scores for the three younger age groups were the following: (1) 19 to 24 years (M = 6.33, SD = 1.12), (2) 25 to 34 years (M = 6.19, SD = 1.15), and (3) 35 to 44 years (M = 6.03, SD = 1.15). The two older age groups that differed significantly from the three younger groups were (1) 55 to 64 years (M = 5.56, SD = 1.31) and (2) 65 to 74 years (M = 5.40, SD = 1.60), (p < .05). Interest scores from the youngest age group (15 to 19 years, M = 5.95, SD = 1.19), the middle group (45 to 54 years, M = 5.88, SD = 1.35), and the oldest group (75 to 84 years, M = 6.00, SD = 1.41) did not differ significantly from any of the other groups.
The relationship between interest and gender was tested using Pearson product-moment correlation coefficient and indicated no significant correlation between these two variables.
Preferred type of involvement in research
The respondents were interested in participating in many different aspects of the scientific process. Across all groups, the marine users were interested in being involved in data collection more than any other role (table 1) . After this, the groups' interests diverged. The fishers were more likely to be interested in the early stage of the research process (helping decide what topics marine research should focus on in the future), whereas the divers and "others" were interested in roles nearer the end of the process (helping to analyze the findings and helping to communicate the findings, respectively). Getting involved in public debates about marine science was the least favored activity for fishers and others and the second least favored for divers. Divers said they were least likely to get involved in helping to decide where funding and other resources should be spent.
The various roles in science presented to the respondents were tested for correlations between level of interest in each role and level of tertiary education and level of science education. Tertiary education was correlated at a low level with some of the items (public debates, communicating findings, planning projects, and acting as a representative) in this question, whereas science education was more strongly correlated with all items (table 1).
The importance of feedback All groups placed a high importance on feedback from scientists if they were to participate in any marine research project. The group means were all above 6 on a 7-point scale (1, not at all important; 7, very important). The group mean scores were fishers (M = 6.16, SD = 1.13), divers (M = 6.37, SD = .94), and others (M = 6.22, SD = 1.09).
Past experience in research
The number of respondents who had previously contributed to any scientific research (i.e., volunteering for medical, environmental, or other research in some way, not necessarily marine science) was high (N = 829, or 72.4%), although the fishers had relatively fewer "past contributors" (61.6%) than the divers (78.9%) and "others" (73.9%). In contrast, the number of people who had assisted marine science in the past through the submission of photographs of marine species was considerably lower (total N = 236; fishers = 19.2%, divers = 34.0%, and "others" = 13.7%). Past marine science contributors represented one-fifth (20.6%) of the total population in the survey. Independent samples t-tests revealed that both measures of past contributions to science resulted in statistically significant differences in all mean scores for the questions regarding people's interest in the various roles within the scientific process (table 1) . Those with past experience in contributing to science indicated they were more likely to get involved in all aspects of "doing" science than those who had never previously assisted research. Interestingly, for all the roles listed in this particular question, those who had never contributed to science scored only one role well above the others. This was data collection, which was the only role to receive a mean score above 5 for those who had never contributed to any scientific or marine research in the past.
In addition, previous experience in contributing to science (either any scientific research or marine science) also had a positive influence on people's overall interest in assisting marine science in the future. Past contributors to any scientific research had a higher level of interest (M = 6.15, SD = 1.14) than those who had not contributed (M = 5.39, SD = 1.43; t (474.28) = 8.49, p < .001, two-tailed). Past contributors of photos to marine science also had a higher level of interest (M = 6.36, SD = 0.93) than those who had not contributed (M = 5.83, SD = 1.33; t (512.36) = 7.19, p < .001, two-tailed).
Organizations that respondents will share data with In a separate section of the survey, the respondents were asked about their willingness to participate in a hypothetical marine citizen-science project that was modeled on the nationwide Redmap project (www.redmap.org.au). Redmap is concerned with identifying potential range extensions of marine species and asks members of the public to report sightings of uncommon marine species (i.e., species that people do not normally see in a particular area). These reports are submitted with photos of the species for verification by experts. One of the survey questions asked which organizations people were happy to share photos of uncommon species with (implying a level of trust in the organization). University-based researchers were the most frequently mentioned organization for all groups, with 80%-93% of the respondents (depending on the group) selecting these researchers (table 2). After that, the Commonwealth Scientific and Industrial Research Organisation (CSIRO) rated as the next most frequently cited organization for 77.5% of the fishers and 84.9% of the "others, " whereas the second most popular category for the divers was the Australian Institute of Marine Science (AIMS), at 86.2%. Private research companies or consultants were the least mentioned by the respondents to this question.
Discussion
This study has provided insights into several important characteristics of marine users interested in marine citizen science. First, potential volunteers are passionate about the marine environment, which holds special meaning and importance in their lives. These results are similar to regional findings from research on the Great Barrier Reef (Tobin et al. 2014 ) using similarly worded questions; however, the mean scores for the respondents in our study were even higher (relative to the scale used). This may be a result of the respondents having (perceived) worldviews similar to those of the research team, meaning that people who are passionate about the marine environment and willing to assist research were more likely to answer the questions in the first place (Wynveen et al. 2014) . However, other studies have also shown the marine environment to be a valuable and important place for the majority of Australians in other parts of the country (Ipsos-Eureka 2012, Voyer et al. 2015) . Although it was not intended to be representative of the general population, our study is the first attempt to ask about the importance of the marine environment at a national level. Citizen-science projects could (and do) gain leverage from this passion to increase public engagement.
Second, the volunteers were willing to contribute generous amounts of time for marine research. This represents a considerable amount of human effort for research and demonstrates there is still a largely untapped resource of interested and enthusiastic volunteers to contribute to marine science.
Third, the divers stood out as the most enthusiastic group to assist marine research. This is not surprising, considering that others such as Hammerton and colleagues (2012) have reported similar interest levels for this group of marine users. Our results show that many fishers and "others" are also keen to become involved in marine research. This is good news for the growth of marine citizen science and for Australia's national science-engagement strategy, Inspiring Australia (DIISR 2010) , which suggests that marine science may provide opportunities to engage more people in science. However, our findings indicate that some interests and preferences vary between these groups, which means they want to engage in different ways.
Fourth, potential volunteers were likely to be highly educated, especially in science. We acknowledge that using our university convenience sample will have increased the proportion of highly educated respondents. However, this result was not entirely unexpected. The tertiary education results are in line with the profiles of volunteers in some current citizen-science projects, such as Galaxy Zoo (Raddick et al. 2013) and stewardship in local parks (Dresner et al. 2015) . Unfortunately, many marine-based citizen-science projects have not reported the education background (let alone the science education) of their participants . This is something we encourage other studies to do in order to both better describe the types of people drawn to citizen science and to understand the impact citizen science may have on public science engagement.
Fifth, younger people were more likely to volunteer for marine citizen science, although the difference between the younger respondents and those over 45 years was relatively small. This finding is in contrast to Dresner and colleagues (2015) , who found that the volunteers who contributed the most frequently were more likely to be older. The type of environment may play a role in determining interest by age. Dresner and colleagues' (2015) study was conducted in terrestrial parks which, compared with the marine environment, are relatively accessible to most people. Although beaches can be visited by many, access to the ocean and some coastal areas is often constrained by transport, equipment, and/or physical capability. These factors may be enough to restrict marine visitation to those who can afford or gain access to boats, SCUBA gear, etc. and are able to cope with the physical demands of their activities. However, given that the differences between younger and older people were small, this is not likely to be a significant issue for marine citizen-science projects. It simply emphasizes the need for context-specific audience research in the development of citizen-science projects.
Sixth, contributions to scientific research in the past increased the likelihood people will participate again in the future. Our question about past experience in any research showed remarkably high participation (almost three-quarters of the respondents). We recognize that it is unclear exactly how the respondents interpreted this question, and their answers may reflect participation in myriad ways, not all of which may be strictly "scientific. " For example, the respondents may have answered yes if they had filled in a survey (such as our own) or engaged with marketing research. We recommend rewording this question-or including additional questions-for researchers exploring this connection in further research. However, our additional question about previous experience in a particular type of marine citizen-science project (which around one-fifth of the respondents had performed) provided a clearer result in the correlation between past experience and interest in future participation.
This means that it is important for citizen-science projects to ensure that the barriers to first-time participants are minimized and designed to meet the needs and interests of the audience. Our results suggest that data-collection opportunities may be a great way to bring newcomers to citizen science, because this is where the greatest interest lies. Given that half of the respondents had studied science at a tertiary level but only a quarter of the respondents were currently working in the science industry, citizen science might also be seen by those not currently using their science degrees as a way of continuing their interests in scientific research. Other roles may develop within the project that use these valuable volunteer skills and experience in keeping with their interests. These findings raise the question of volunteer motivations, which other researchers have begun to unravel (Nov et al. 2011 , Iacovides et al. 2013 , Raddick et al. 2013 , Rotman et al. 2014 , Land-Zandstra et al. 2015 . Although there are some patterns in the findings from this body of work, such as volunteers having both intrinsic (e.g., to learn more) and extrinsic motivations (e.g., to contribute to scientific knowledge), it highlights the importance of considering volunteer motivations and interests within project processes in order to recruit and retain citizen scientists.
Although our results are encouraging for the growth of citizen science, we acknowledge that an expression of interest does not always translate to action. This "intentionbehavior" gap is a much-maligned problem in human behavioral research (Fishbein and Ajzen 2010) , and we invoke research attention to this issue in a citizen-science context.
Interest in different aspects of research
The respondents from all groups said they were most likely to assist in data collection more than any other aspect of the scientific process. Next, interest in communicating findings was quite high (this was the second preference for the "others" group and the third for the fishers and divers). This is interesting to note given some of the challenges community groups found in communicating results of forestry-monitoring projects in the United States (Fernandez-Gimenez et al. 2008) . The US example illustrates that volunteers sometimes have difficulty disseminating project information to their broader communities. For participants in this role, communication support may need to be provided to the volunteers. Effort in this area may embrace another important aspect of effective citizen-science engagement: that of feedback from scientists (Eastman et al. 2014) . Timely and clear communication of progress and results may help to address the problem of retaining volunteers (Rotman et al. 2014) . This is important because volunteer retention is essential to the long-term success of citizen-science projects .
The fishers were also interested in having a say in what type of research was conducted, whereas the divers were more interested in analyzing the results of research. This difference may be understood when we consider the background interests of each group. The divers in our study also had a higher level of science education than the other groups had. It is likely that they have competent data-analysis skills and, being scientists, may be more interested in looking at and working with the data.
The fishers, however, have a different relationship with marine science and management. Fisheries-management decisions in Australia often involve representatives from fishing groups (both commercial and recreational), but because of differences in values and management goals among stakeholders (Voyer et al. 2015) , some fishers have felt a loss of agency over access to fishing sites following consultative processes (Voyer et al. 2013 , Gledhill et al. 2014 . Citizen science may provide opportunities for fishers and researchers to discuss the issues, thereby increasing understanding of both the scientific and public concerns by all parties (Voyer et al. 2015) .
Trust in research organizations
One of the important factors influencing public willingness to share data with researchers is the type of organization the data is being collected by, and this implies there is an element of trust placed by the public in these organizations. Our results clearly show that university-based researchers are the most trusted across all groups in our survey, followed closely by two public marine research institutes (CSIRO and AIMS). This result is not unexpected given that Australians have a high level of trust in information from scientists (Critchley 2008 , Searle 2014 , as do Americans (Gauchat 2012 , Leiserowitz et al. 2013 , despite the concerns of public mistrust in science that often play out in the media. Recent research on the issue of public trust in one of Australia's key marine environmental agencies, the Great Barrier Reef Marine Park Authority (GBRMPA), suggests that public trust in the agency is associated with similar perceived values and environmental worldviews, which have important consequences for successful collaboration and the effective communication of marine environmental information (Wynveen and Sutton 2015) . This may help to explain why many of our respondents (who are more highly educated, particularly in science, than the Australian population) will work with research organizations that hold similar scientific worldviews.
Our final point in this section addresses the absence of NGOs and museums on our list of organizations in the survey. Although NGOs and museums run many successful citizen-science projects (Koss and Kingsley 2010) , very few of the respondents mentioned these organizations specifically in the open-ended "other" category. The result may have been higher had we included these two options in the list; however, our interview results indicate that it may not be much higher. We do not believe this means people are unwilling to share data with NGOs and museums. Rather, we suspect these organizations are currently not in the forefront of people's minds when it comes to questions of marine scientific research. This will no doubt raise questions for NGOs and museums about how they promote their citizenscience activities and whether their volunteers perceive the research from these organizations to be truly "scientific. " Our intention is not to be controversial; rather, we only aim to point out that in the minds of the public, "science" is conducted at universities or in laboratories (Gauchat 2011) . For this reason, we believe more effective communication about the scientific outcomes from NGO and museum-based citizen-science projects will not only have a positive impact on participation rates but also break down some of the incorrect assumptions the public have of science in general.
Conclusions
The survey attracted responses from people who had many different interests in the marine environment, and it covered a broad range of activities. The results paint an interesting and informative picture of those who may volunteer for marine citizen science in the future. This is valuable information for managers of new and ongoing citizen-science projects to consider. Understanding the public's needs and interests in citizen science is an essential element of the deliberate design of citizen-science projects ), but it is an area in project planning that is often underinvestigated. This study looked at public interest in marine citizen science at a national level to try to understand the potential for it to engage wider audiences.
Although it certainly appears that many people will assist marine research (albeit with some caveats) and devote a considerable amount of time to it, it is clear that citizen science is more likely to engage people already interested in science. This has important implications for the strategic use of citizen science to address issues of scientific literacy, knowledge, and appreciation among the public. Citizen science does appear to present an excellent opportunity for individuals to increase their knowledge, skills, and friendships , but these people are likely to be starting with a reasonable understanding of scientific processes. The real challenge lies in attracting those distanced from science through lack of interest, trust, or opportunity.
Supplemental Material
The supplemental material is available online at http: // bioscience.oxfordjournals.org/lookup/suppl/doi:10.1093/biosci/ biw070/-/DC1. 
